The effects of glutamate receptor antagonists on cerebellar granule cell survival and development.
N-Methyl-d-aspartate (NMDA) receptor stimulation promotes neuronal survival and differentiation under both in vitro and in vivo conditions. We studied the effects of various NMDA receptor antagonists acting at different NMDA receptor binding sites and non-NMDA receptor antagonists on the development and survival of cerebellar granule cell (CGC) culture. Only three of the drugs tested induced neurotoxicity-MK-801 (non-competitive NMDA channel blocking antagonist), ifenprodil (an antagonist of the NR2B site and polyamine site of the NMDA receptor) and L-701.324 (full antagonist at glycine site), while CGP-37849 (a competitive NMDA antagonist), (+)-HA-966 (a partial agonist of the glycine site of the NMDA receptor), and NBQX (a competitively acting AMPA receptor antagonist) were not toxic at any concentration (1-100 microM) used. Among these drugs, only MK-801 was toxic for the immature CGC on second day in vitro (2DIV), and toxicity was diminished parallel to the neuronal maturation. In more mature neurons (7DIV), MK-801 demonstrated some neuroprotection, which diminished spontaneously occurring neuronal death in culture. Neither NMDA nor glutamate were able to prevent the neurotoxic effect of MK-801 at 2DIV. MK-801, ifenprodil and L-701.324 induced DNA fragmentation on 2DIV in CGC culture measured by the TUNEL method. The BOC-D-FMK, the universal caspase inhibitor, completely reversed MK-801-induced DNA fragmentation, suggesting an apoptotic pathway of MK-801-induced cell death. Neurite outgrowth as a characteristic feature of the development of CGC was diminished after treatment with MK-801, ifenprodil and L-701.324. In conclusion, the results of the present study demonstrate that only nonselective channel blocker MK-801 decreases cell viability, induces apoptosis and inhibits neurite outgrowth of CGC in a development-dependent manner.